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Tom tit - Viée 4p dung cong nghé vao nganh ndng nghiép trén thé
gi6i dé thay thé sirc lao dong cia con ngudi dang duge phd bién va
phat trién. Bén canh sy phét trién do 1a su ra doi hang loat céc cong
nghé maéi nhu tri tué nhan tao, Internet van vat, hoc mday... va phai
ké dén cong nghé cam bién ciing nhu vat lidu hd tro phuc vu trong
nganh ndng nghiép. Tir viéc trdng, chdm s6c cy lwong thye, thuc
pham dén viéc thu hoach chiing déu dugc &p dung cong nghé k§
thuat dé tao nang suat tSt nhat khi khong cin dén sirc lao dong cua
con nguoi. Bai bao ndy trinh bay két qua ban du trong viéc tmg
dung mot sb cong nghé ké trén vao nganh ndng nghiép thu hoach
6t, cu thé nhu sau: cdng nghé xur ly anh dé nhan dién va xac dinh vi
tri qua 6t chudng trong khdng gian, cong nghé tay gip mém dé cAm
ndm va thiét ké co cdu dé cit roi cudng cua qua 6t chudng.

Tir khéa - Robot 6 bac tw do; cam bién ngoai vi Kinect; tay gap
meém; hé thong cat bang ho quang dién

1. Pit van dé

Trong nhiing thap ky gan day, cong nghé tién tién va cac
két qua nghién ciru khoa hoc méi nhét da dugc &p dung trong
ndng nghiép nham nang cao ning suit va chat lugng san
pham. Cac nha nghién ciru dang tham gia cung cip cong
ngh¢ cao va dai han, cac giai phap vé co gi6i ha va tu dong
hda nganh ndng nghiép bang céch sir dung cac day chuyén
san xudt ty dong va béan ty dong ¢ thé thay thé nhan luc
trong cac cong viéc lao dong chan tay. Pic biét, robot bt
dau thay thé con ngudi 1am nhiing cong viéc tinh vi hon nhu
thu hoach nong san, hoa qua... [1]. Hon nita, trong diéu kién
khi hau anh huéng boi hiéu tmg nha kinh, cé&c luc lugng lao
dong lanh nghé trong nganh ndng nghiép c6 thé chip nhan
cac cong viéc lap di lap lai trong diéu kién khi hau nay dang
giam nhanh chéng. Theo két qua khao sat 762 ndng dan thyc
hién bai Lién doan Cuc trang trai California — Hoa Ky, 55%
ndng dan duoc khao sat cho biét ho dang phai d6i mat véi
viée thiéu nhan luc lanh nghé va 69% nong dan tra 1oi ho
gap van dé khi thué cac nhan lyc thoi vu [2]. Lién Hop Quéc
udc tinh dan s thé gioi sé ting 18n dén 9,7 ty ngudi vao nam
2050, thé gi6i s& can nhiéu lwong thyc hon va néng dan s&
phai dbi mat vé6i &p luc 16n @ dap tmg nhu cau thyc phim.
Giai phép cho cac thach thue trén 1 s 4p dung cAc hé théng
tr dong thay thé nhan lyc trong cac nhiém vy ma mot ngudi
thuc hién kém hon thiét bi tu dong vé do chinh xac, do lap
lai va chu ky lam viéc.

Viéc thu hoach néng san la qua trinh it dugc quan tam
va ap dung ty dong hoda con han ché. Mot sb hé théng tu

Abstract - The application of technology to the agriculture in
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materials technology for the agriculture. From planting and
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dong c6 thé thu hoach cac loai ndng san nhu 6 liu va hanh
nhan sir dung may lic than hodc canh. Tuy nhién, viéc thu
hoach cé4c loai ndng san dé bi hu do tac dong vat Iy nhu
cam, chanh, ¢t ngot hodc dao khong thé thyc hién bang
cach sir dung may lic. Phuong phap thu hoach céc loai
ndng san nay hién nay chii yéu la tha cong. Phuong phéap
nay ngu Y sir dung nhan luc tam thoi 1am tiang chi phi cudi
cung cua ndng san trén thi truong. Giai phap thue hién viéc
thu hoach ma khéng ¢ nhuoc diém ciia hoat dong thii cong
1a viéc sir dung cac hé thong ty dong 6 kha nang thyc hién
theo ca nhan hoa, str dung chién lugc chon loc dé chi thu
hoach néng san véi cac diéu kién mong mudn [3].

Theo [3], dé thu hoach ndng san tu dong mot cach hé
thong, ba van dé chinh can dugc giai quyét:

- Thiét ké, van hanh robot dua vao dic diém cua cac
loai cay;

- Vi tri va dic diém ctia ndng san trén cay;

- Cach cdm nim va cit roi timg loai ndng san.

Dé giai quyét vin dé dau tién, can phai lwa chon mot
tay may phi hop véi loai qua can thu hoach. Mot canh tay
robot phai dugc diéu huéng trong moi trudong c6 nhiéu
chuéng ngai vat dé ndm va dat qua mot cach chinh xac.
Qua trinh nay rat khac véi viée gép va tha mot chi tiét trong
day chuyén lip rap. Canh tay robot néng nghiép phai linh
hoat trong mdi trudng phtre tap va du chinh xac dé khang
Iam hong ndng san khi chiing dugce hai.

Dé giai quyét vin dé thir hai, can c6 mot hé thong nhan
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dang hiéu qua dé c6 thé xac dinh vi tri va hudng cua qua
trén cay. Hon nira, hé théng nhan biét phai c6 thé x4c dinh
vi tri cac qua bi tic hodc cac qua dwoc che phi mot phan
bi l4 trong moi truong truong bién doi. Tuy nhién, nhimg
tmg dung nay khé dé tu dong hoéa. Vi du, mot hé thong
robot dugc thiét ké dé hai ot chdng gap rat nhiéu tré ngai.
Hé thong quan sat phai xac dinh vi tri va @ chin cua trai ot
trong diéu kién khac nghiét, bao gdm su hién dién cua bui,
bi 14 che khuit, hay cuong do anh sang thay doi, nhiét do
thay dbi va chuyén dong do gi6 tao ra.

Dé giai quyét vin dé thi ba, can c6 mot hé thong cét va
kep hiéu qua dé c6 thé thu hoach ndng san trong cac diéu
kién khéc nhau. Hé thong nay c6 thé hoat dong trong khong
gian chat hep. Hon nita, hé thong héi phai c6 thé xir ly
nhitng ndng san mém, mong trong thoi gian thu hoach vai
hinh dang va kich thuge khac nhau ctua ching ma khong
gay ra bat ky thiét hai ndo cho cy va cé thé thuc hién hoat
d6ng thu hoach & toc d6 cao hon va chinh x4c hon. Dé tranh
nhitng hu hong vat Iy d6i voi néng san mém va méng nhur
qua 6t, viéc thu hoach thii cdng dugc ua thich, dan dén 1am
tang dang ké téng chi phi san xuat ndng san ciing nhu thoi
gian thu hoach.

Trong khudn kho bai béo nay, nhém téc gia tap trung
giai quyét cac van dé da néu trén Gmg dung trong viéc thu
hoach qua &t chubng, cu thé:

- Lya chon kiéu tay may;

- Nghién ctru viéc huén luyén hé théng nhan dién duoc
&t va vi tri ctiia chdng trong khéng gian;

- Nghién ctru, m6 phong va phan tich hiéu qué cua tay
gip mém;

- Phét trién va thir nghiém co ciu cit cubng 6t.

2. Giai quyét vin dé
2.1. Téng quan hé thong

Goc khop Bo diéu
May tinh T
aytin khién
¥ 3
Nhan dién qua ot T.in hiéu
Toadjtrong didu khién
khong gian 3 chicu
Y Y
Cam bién Robot | Tay gip mém
Kinect AR3 + Co cau cat

Hinh 1. So @6 md hinh diéu khién

So d6 khoi tong quan hé théng duoc trinh bay trong
Hinh 1 vé6i nguyén ly sau: Cam bién Kinect s& gilp nhan
dién dugc cac qua 6t chudng can thu hoach ciing nhur toa
d¢ cta chang trong khdng gian ba chiéu. Céc thong tin nay
duoc gui ve may tinh tinh toan cac goc khép roi gui cac tin
hi¢u diéu khlen cac khép quay cua robot ciing nhu tay gép
mem va co cau cat

2.2. Lwa chon va diéu khién robot

Dé hé thdng c6 kha ning linh hoat, tiép can duoc dén
qua 6t chudng can thu hoach tir moi hudng thi robot dugc
Iira chon can c6 6 bac ty do: ba bac chuyén dong dinh vi,
ba bac chuyén dong dinh huéng. Nhém tac gia stir dung mot
loai robot 6 bac tu do dang chudi, ma ngudn mo tén 1a AR3

[4] do Chris Annin, mot k§ su ngudi My, phat trién dé lam
mo hinh thye nghiém cho nghién ciru nay.

Cac bai todn dong hoc va dong luc hoc phuc vu cho viéc
diéu khién robot dwoc trinh bay trong [5], [6]. Khao sat
vung lam viéc ctia robot 6 bac tu do trng v6i cac goéc quay
dugc quay dén toi da gidi han (tir 0 &én 360 d6) va han ché
viing lam viéc bai mat phing ngang cua ban nhu sau [5]:

Hinh 2. Robot 6 bdc tuw do AR3 va khdng gian lam viéc [5]
2.3. Hudn luyén h¢ thong nhin dién 6t va x4c dinh toa
dé ot trong khong gian

Kinect I thiét bi cam bién ngoai Vi ¢6 thé thu chuyén
d6ng phat trién bai Microsoft [7]. Trong Kinect dugc tich
hop nhidu cam bién trong d6 c6 mot camera hong ngoai
chuyén sir dung cho viée xtr ly dit liéu vé do sau, khong
gian 3D va mot camera mau. Trong nghién ctru nay, nhém
tac gia sir dung Kinect dung nhan dién 6t bang camera mau,
va két hop camera hong ngoai dé xéc dinh toa do ot trong
khéng gian.

Budc déu tién, nhan dién va xac dinh tim mot qua ot
bang phuong phép huén luyén c6 tén goi “Haar cascade”
[8], [9]. Phuong phép ding dit liéu dau vao 1a hang loat
hinh anh mang tinh cht vat Iy ciia mét qua 6t, hay con goi
14 d&r liéu duong, va tach riéng ching la hang loat hinh anh
khodng phai l1a 6t, hay con goi 1a dit 1iéu &m, nhu 14, than
cay, bo, bau troi... Mdi loai dir liéu duong, am ¢6 s luong
1a 850 anh, v4i cang nhiéu dif liéu, viéc nhan dang cang tro
nén chinh xac.

Hinh 3. Nhdn dién va xac dinh vi tri &t (mm)

.

Hinh 4. Ban d@é dg sau
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Budc thtr 2, sau khi da xac dinh dwoc mot qua ot bat
ky, hay c6 dugc toa do trong khong gian 2 chiéu (x vay),
camera hong ngoai phét tia hong ngoai vé 6t va phan nguge
vé lai mot bo thu. Tir d6, nhém tac gia xac dinh duoc do
SAu (z) ctia 6t SO voi cam bién. Pay ciing chinh 1a nguyén
Iy hoat dong cho chtic nang xir ly khdng gian 3D cua cam
bién. Hinh 4 cho biét ban d6 do sau ma Kinect xac dinh
dugc, mdi d6 sdu khac nhau cho mot mau khac nhau.

Két qua sai s6 & nghién ctru ndy (so vai thyc té) thé hién
o bang sau:

Bing 1. Két qud X&c dinh toa do 6t trong khong gian

Sai s6 (mm) Phuong X Phuong y Phuong z
Léan 1 10 15 45
Lan 2 12 15 42
Lan 3 12 15 40

Két luan: Két qua nhan dién va xac dinh 6t tuong d6i
kha quan nhung chua giai quyét dugc van dé khi nhan dién
& diéu kién anh sang khac nhau. Nguyén nhan sai s6 1on
mot phan do viée tinh toan hinh hoc dé xac dinh &t lam tron
két qua va mot phin anh huong boi ky thuat kiém tra do
siu cuia cam bién.

2.4. M0 phong va thuwc nghi¢m hi¢u qud ciia tay gap mém

Tay gdp mém la mot loai tay gép dac biét vat lidu siéu
dan hoi. Ching kep lai khi dugc cp khi va cac khoang
chtra & mot mirc &p suat hop 1y, va nha ra, tré lai trang thai
blnh thuong khi rat khi ra khoi cac khoang chira do. Tay
gip mém truyén dong bang cap khi (Soft Pneumatic
Actuator, SPA) 12 loai tay gap phd bién dwoc str dung trong
nganh cong nghé y sinh, hay ca trong nganh c6ng nghiép
thuc pham, nganh nong nghiép. Thuc pham nhu banh keo,
hoa qua 1 loai d& v&, d& hong khi cAm nam, dic biét trong
cOng nghiép san xuat ché bién. Pay 1a ly do tay gip mém
duoc dung ph6 bién trong céc truong hop nay [10]. Ban
chat cta tay gap mém dem lai hidu qua nhu vay don gian
vi chling mém, nhe, co dan, hiéu qua trong Vlec cdm nim
ma khong anh huéng nhiéu dén vat thé can gip.

Trong muyc nay, nhom tac gia xac dinh huc kep cua tay gap
mém bang mod phong Va thye nghiém. So dd vé hoat dong nim
cua b kep tay gap mém duoc thé hién trong Hinh 5, trong do
bd kep dang nam mot vat va cac ngon tay chiu su 1éch u6n do
tAc dung cua ap luc. Dudi tac dung cua &p suét, diu ngon tay
s& di chuyén dén vi tri can thiét véi cac gia tri bl AX va AZ
theo hudng X va Z, twong ung, trong d6 c6 xem xét sy can
bang co hoc clia b tay gip mém va mot md hinh Coulomb
[11] théng thudng vé ma sat, hanh vi ndm bit.

1, \F,
o X
Object
Fr Fr i,
! -l
A AZE7| Fy : Fyv [
Z $Fmg

Hinh 5. Hoqt dgng nam bdt va phan tich luc
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Trong d6, Fmg la trong luc ctia véat dugc cAm nim, Fgva
Fj 12 luc ma séat va phép tuyén gitra dau ngon tay thir j va
vat, va Y 1a hé so ma sat giita dau ngon tay thir j va vat.
Ngoai ra, N 12 s6 ciia ngon tay, va no duoc dat thanh gia tri
Ia hai trong nghién ctru nay. Lyc blnh thuong ctia mdi ngon
tay mém phan anh kha nang cam nim .cua nd, va nd duoc
dinh nghia la lyc nam cua ngon tay mém khi hé s6 ma sét
duoc dit thanh céc gia tri cu thé lién quan dén vat liéu dugc
str dung Theo [12], khong c6 giai phap phan tich cho luc
bam vi van d¢ la phi tuyen tinh va c6 thé c6 mot sb giai
phap. Hinh 6 md ta so d6 duoc str dung dé tinh toan mot
giai phap tim luc cAm ndm va nam vi tri cia tay gép mém
trong qué trinh gép vat.
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Hinh 6. Hinh dang va vi tri ciia tay gdp mém

H dugc dinh nghia 1a d6 1éch d6i twong thé hién khoang
cach gitra vi tri ban dau cua dau ngén tay va diém tiép xdc
v6i vat duge ndm bét doc theo phuong X. Trong nghién
clru ndy, cac ddi twong dugc cam nam dugc gia dinh la
ctng hinh khédi, do d6 quy dao cua céc vat thé dugc nim
bét dugc md ta 1a X = H. Quy trinh tinh toan dugc giai thich
theo nam budc trong tmg voi ndm vi tri cia ngon tay mém
nhu sau:

- Budce 1: M6 hinh ng6n tay duoc xay dung va cac dleu
kién ban dau dugc x4c dinh. Luc niam va &p suét dugc cip
vao 65 kPa so véi gia tri ban ddu ctia chiing. Duéi tac dong
ctia luc ndm va &p sudt, vi tri diém P(Xp, Zp) ctia diu ngon
tay duogc tinh bang céach sir dung mé hinh ngén tay.

- Bude 2: Néu giatri Xp ngay cang tang thi tiép tuc tinh
toan. Ngoal ra, néu gia tri X, nho hon H, thi ting &p suét
Ién. Khi gia tri cta X, bang H, dau ngdn tay s& cham vao
dbi tuong.

- Buéc 3: Bé glat dbi tugng, le nim (FN) la can thiét
dé diéu chinh dén gié tri mong mudn cua no. Gid tri Xp vuot
Qua gia tri H. Can nhéc sy danh ddi gitra 6 chinh xac, kha
ning giai quyét va chi phi tinh toan, mirc tdi da do vot 16
cho phép duoc dat thanh ey = 0,1 mm, va céac kich thude
bude cho luc bam va &p suit cép vao duoc dua ra tuong
ung 14 0,01 N va 5 kPa.

- Bude 4: Thong qua viée diéu chinh &p suét cap vao va
Iuc bam, tinh toan dwoc cap nhat lip lai. Cac dau ngén tay
trugt doc theo bé mit cuia ddi twong trong qué trinh tuong
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tac cua nd v6i ddi tuong.

- Bude 5: Qué trinh tiép tuc cho dén khi dau ngon tay
cudi cung tach ra khoi doi twong va gid tri Xp giam dan.

Vi tri cua dau ngon tay duoc danh dau belu‘lg ky hi¢u
diém P da duoc kiém tra bang cach sir dung bicu do. Neu
dau ngon tay khong tiep xuc véi bat cu thu gi, lyc nam Fy
duoc dat bang 0 trong phép tinh (Fn = 0).

M6 phong qué trinh kep va x&c dinh Iyc trén phan mém

Abaqus (vt liéu 6t):

U, vz
+3.170e+00
+2.003e-01
-2.770e+00
-5.740e 400

-8.710e+400

- +1.168e+01

- «1.4652+01

- =1.762e+01

- -2.05%e+01

-2.356e401

-2.653e+01

- «2.950e+01

- =3.247e+01

Hinh 7. Ngén tay co lai vdi &p sudt cdap vao 65kPa
Thyc nghiém str dung cam bién lyc FSR 402 1kg. Thi
nghiém duge bo tri do luc cho vat thé chat liéu nhém va 6t
nhu sau:

Cam bién luc
FSR 402

Hinh 9. Do luc tac dung trén qua 6t
Dudi déy l1a két qua cua thi nghiém do Iyc kep cho hai
loai vat liéu nhdm va ét ding cam bién luc FSR 402.

Luc (N)

0.6

0.2 /

0.1

0 : : r » Ap sudt (kPa)
0 10 20 30 40 50 60 70

=4=Nhdm mé phéng ==Nhom thyc t&

=0t thyc t&

«te= Ot md phdng
Hinh 10. D6 thi két qua thi nghiém do huc kep
O ca hai loai vt lidu, luc tac dung & thuc nghiém so voi
md phong 1a nhé hon va 1éch xap xi 10%. Véi két qua luc
nhu trén dam béao dugc viéc khdng lam ton hai dén qua 6t.
2.5. Thiét ké ché tao co céu cit cudng ot
Phuong phép 1: cit cudng 6t bang dao.

Hinh 11. Co cdu cdt cudng ot bang dao
Co ché van hanh ciia co ciu cit bang dao don gian, bo
ga dao su dung dong co servo c6 momen phu hop. Khi
servo hoat dong, ludi dao chuyén dong theo va di qua cat
cudng 6t.
Phuong phép 2: cit cudng 6t bang hd quang dién hay
“Electric arc thermal cutting system”, EATCS [1].

Cap dién
cuc

Banh ring

Thanh rang

Khiu 6

” £
Ga co cau

Tay_gzip Gi dong co cat
mém

Gi tay gap

Dong co
mém o

Hinh 12. Co cdu cdt cudng ot bang hé quang dién EATCS

Trong EATCS, duong kinh ciia dién cuc va dién 4p dau
ra 1a nhirng phan quan trong cta hé thong anh huéng dén
thoi gian cat va toc do cat. Puong kinh cua cac dién cuc
duoc lya chon 1a 1 mm. Bé cat hiéu qua hoat ddng bang
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céch sir dung dién cuc dong va dién &p cao, c4c ring cua
nhé duoc tao ra trén dién cuc dé khi dién cuc di chuyén vé
phia trugc, cac vét khia nho trén dién cuc gidp cét cudng
quéa hiéu qua dong thoi 1am ting ma sat giita hai bé mit.
Téc @6 cua dong co DC di chuyén cac dién cuc ciing dugc
coi la anh hudng dén mbi quan hé giira thoi gian cat va toc
do cat, do d6 téc do ciia dong co DC duoc giir khdng doi
trong sudt qué trinh hoat dong.

Co ché van hanh cia hé thong nay 1a bién doi chuyén
dong quay tir dong co thanh chuyén dong tinh tién dé thuc
hién dong tac cat. Co ciu co khi duoc str dung trong hé
thong 1a banh ring, thanh rang. Nhém da Iya chon mot
déng co DC c6 kich thuée, trong lugng va md-men phu
hop lap dat ¢ phan cudi khung d& dé tao ra hanh trinh tinh
tién dai nhat. Phan ga cta co cdu banh ring, thanh ring
ciing dugc thiét ké voi chidu cao nhét dinh 12 40 mm dam
bao viéc tinh tién cua thanh ring khdng anh huéng toi
phan ga dong co ciia khau 6. Trong phan cit, hai dién cyc
bang dong duoc lap dat & dau phia trude cua rdnh thanh
ring va dau vao dién ap duoc cung cép phia dui rdnh cho
cac dién cyc. Dé thyc hién duoc hanh dong cét can mot
dién 4p cao nhit dinh dé tao ra hd quang dién, hon nita
khong thé sir dung dién ap dau vao tryc tiép tir pin hodc
st dung truc tiép tir ludi dién. Vi vay, nhom tac gia sir
dung bd chuyén doi dién ap tir 12 VDC lén dién ap xap xi
300 VAC véi tan s6 50 Hz & dong dién 20 mA dé phuc
vu hoat dong cit. Khi cudng qua 6t chudng tiép xdc vai
dién cyc, dién &p cao tao thanh hd quang dién gitra hai
dién cuc gay ra hanh dong cit.

Két qua thyc nghiém 2 phuong phap cét véi ciing cudng
6t duong kinh 3 mm.

Bing 2. Két qua thoi gian cdt cuong 6t (giay)

Phuong phdp | Lin1 | Lan2 | Lin3 | Lan4 | Lan5
Dao 2 2,5 2,2 2 2,2
EATCS 25 20 25 23 23

Két luén:
+ Phuong phép cit cudng 6t bang dao:
- Uu diém: d& thiét ké, nho gon, thoi gian cat nhanh.
_ - Nhuoc diém: quy trinh thay dao phiic tap, trong luong
don toan bo vao khau 6 cua tay may.
+ Phuong phap cit cudng 6t bang hd quang dién:
- Uu diém: nhé gon, an toan.

- Nhuoc diém: thoi gian cit cham hon so v6i phuong
phép ding dao, nhugc diém nay c6 thé khic phuc bang
cach ting dién &p ¢ hai dau dién cuc hodc giam duong kinh
cua cap dién cuc.

3. Két luan

Nhin chung, thdng qua céac thi nghiém, mdi quy trinh
lam viéc cua viéc thu hoach Gt dam bao dugc muc dich da
dit ra: thay thé nhan lyc, dam bao thyc pham khdng bi ton
hai khi héi, gip, dam bao thoi gian thu hoach. Tuy nhién,
van dé anh sang moi truong anh huong 16n dén quy trinh
nhan dién &t, mot ph?m cam bién chua hd trg nhan dién &
diéu kién moi truong khéc nhau, hién tugng nhidu 1a khdng
tranh khoi. Nhom téc gia dé xuét két hop cam bién anh sang
va diéu khién dén chiéu d& hd trg cho hé théng, dam bao
moi truong cho cam bién hoat dong tdt nhét.

Loi cam on: Nhom tac gia cam on sy gilp d& cua cac ky
su L& Tu Huy va Nguyén Ba Khai trong qua trinh thiét ke,
ché tao va thuc nghiém hé thong.

TAI LIEU THAM KHAO

[1] S. Bachche, “Automatic Harvesting for Sweet Peppers in
Greenhouse Horticulture ”, Doctoral Dissertation, Kochi University
of Technology, Kochi, Japan, 2013.

[2] The Voice of Sonoma County Agriculture, “Farm Labor Shortages
Continue to Plague California’s Agriculture Industry”, [Online]
Available: https://sonomafb.org/farm-labor-shortages-continue-to-
plague-californias-ag-industry. [Accessed: Jan. 22M, 2023].

[3] R.Jimenez, R. Ceres, and J.L. Pons, “A survey of computer vision
methods for locating fruit on trees”, Transaction of ASAE, Vol. 43,
No. 6, pp. 1911-1920, 2000.

[4] C. Annin, “Open source 6 axis robots you can build yourself”,
[Online] Awvailable: https://www.anninrobotics.com. [Accessed:
July 26%, 2023].

[5] V.Q. Vo and V.H.P. Ngo, “Research on using Leap Motion to
control a 6-step automatic robot combined with a soft gripper",
Graduation thesis, The University of Danang - University of Science
and Technology, Danang, 2021.

[6] J.J. Craig, Introduction to robotics: Mechanics and control, Fourth
Edition, Pearson, 2018.

[7] Wikipedia, “Kinect” [Online] Available:
https://en.wikipedia.org/wiki/Kinect [Accessed: July 26", 2023].

[8] OpenCV, “Cascade Classifier”, [Online] Available:
https://docs.opencv.org/3.4/db/d28/tutorial_cascade_classifier.html
[Accessed: July 26, 2023].

[9] P. Viola and M. Jones, “Robust Real-Time Face Detection”,
International Journal of Computer Vision, Vol. 57, No. 2, pp. 137-
154, 2004.

[10] H.-N. Le et al., “Behavior analysis of soft pneumatic actuator
gripper by using image processing technology”, in proc. 2020 IEEE
International Conference on Mechatronics and Automation (ICMA),
Beijing, China, 2020, pp. 1798-1802.

[11] A. Rajaetal., “Coulomb engineering of the bandgap and excitons in
two-dimensional materials”, Nature Communications, Vol. 8, No. 1,
pp. 1-7, 2017.

[12] W. Boran et al., “Design, modelling and simulation of soft grippers
using new bimorph pneumatic bending actuators”, Cogent
Engineering, Vol. 4, No. 1, 1285482, 2017.
https://doi.org/10.1080/23311916.2017.1285482



